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FREQUENCY CONTROLLED LIGHTING SYSTEM 



FIELD OF THE INVENTION 

[0001] The present invention relates generally to clothing and accessories, and 
more particularly to an improved system for illuminating devices incorporated into 
clothing and accessories. 

BACKGROUND 

[0002] Lighting systems have been incorporated into footwear, generating 
distinctive flashing lights when a person wearing the footwear walks or runs. 
These systems generally have an inertia switch, so that when the heel of a runner 
strikes the pavement, the switch activates the flashing light system. The resulting 
light flashes are useful in identifying the runner, or at least the presence of the 
runner, due to the easy-to-see nature of the flashing lights. 
[0003] These lighting systems, however, suffer from a number of 
deficiencies. There is typically no on-off switch for the lighting system, and thus 
the system is "on" all the time, draining the power source, which is typically a 
small battery. Even if the only portion of the system that is operating is an 
oscillator or timer, the power drain over time is cumulative, this leading to shorter- 
than-desirable battery life. It would be desirable to have some other means for 
turning the lighting system on or off, especially through the use of an external 
motion. 

[0004] Another deficiency is that many flashing or intermittent light systems 
only have one light pattern. While one light pattern makes the user more visible, 
there is no provision for varying or making the pattern interesting dependent on 
the type of movement of the user. It would be desirable to have some system for 
activating different light patterns depending on the type of movement of the user. 
The present invention is directed at correcting these deficiencies in the prior art. 
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BRIEF SUMMARY 

[0005] One embodiment of the invention provides a frequency controlled 
lighting system which includes a motion switch, a controller, and lighting 
elements. Generally, the motion switch generates an activation signal in response 
to movement of the motion switch which indicates at least one of the duration and 
frequency of electrical engagement within the motion switch. The controller 
detects the activation signal produced by the motion switch and illuminates the 
lighting elements in one or more predetermined illumination patterns dependant on 
the duration and frequency of electrical engagement within the motion switch. 
[0006] Another embodiment of the invention provides a method for 
illuminating a series of lighting elements. First an activation signal is created 
based on the movement of a motion switch. Based on the activation signal, a 
duration of electrical engagement and a frequency of electrical engagement within 
the motion switch for a period of time is determined. In response to activation of 
the motion switch, at least one of a series of lighting elements is illuminated. 
Finally, the duration of electrical engagement is compared to a predetermined 
duration level to determine an illumination pattern for the series of lighting 
elements and the frequency of electrical engagement within the motion switch is 
compared to a predetermined frequency threshold to adjust the illumination pattern 
of the series of lighting elements. 

[0007] Yet another embodiment of the invention provides another frequency 
controlled lighting system including a motion switch, a controller, and lighting 
elements. The motion switch generates an activation signal in response to 
movement of the motion switch due to the electrical engagement of a free end of a 
spring and a metal contact. The controller detects the activation signal and a 
signal analysis system within the controller analyzes the activation signal to 
command a pattern generator to illuminate the lighting elements in one or more 
predetermined lighting patterns. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a block diagram of a frequency controlled lighting system in 

accordance with one embodiment of the current invention; 

[0009] Figure 2a is a schematic of a spring motion switch; 

[0010] Figure 2b is a diagram of an activation signal generated within the 

motion switch of Figure 2a; 

[001 1] Figure 3 is a block diagram of a second embodiment of the frequency 
controlled lighting system which includes a sound generating device; 
[0012] Figure 4 is a circuit diagram of one embodiment of the frequency 
controlled lighting system; 

[0013] Figure 5 is a circuit diagram of another embodiment of the frequency 

controlled lighting system which includes a sound generating device; 

[0014] Figure 6 is a circuit diagram of another embodiment of the frequency 

controlled lighting system implemented by a CMOS circuit; 

[0015] Figure 7 is a drawing of footwear including the frequency controlled 

lighting system which shows the preferred placement of components of the 

frequency controlled lighting system in the footwear; 

[0016] Figure 8 is a drawing of a safety vest including the frequency controlled 
lighting system; 

[0017] Figure 9 is a drawing of a set of barrettes including the frequency 
controlled lighting system; 

[0018] Figure 10 is a drawing of a headband including the frequency controlled 
lighting system; and 

[0019] Figure 1 1 is a drawing of a bracelet including the frequency controlled 
lighting system. 

DETAILED DESCRIPTION OF THE DRAWINGS AND THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0020] As shown in Fig. 1, a frequency controlled lighting system 100 

generally includes a motion switch 102, a controller 104, and a series of lighting 

elements 106, 108, and 110. In general, movement of the motion switch 102 
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triggers the controller 104. The controller 104 analyzes the movement of the 
motion switch 102, and in response to that general movement, illuminates the 
series of lighting elements 106, 108, and 1 10 in one or more predetermined 
patterns. In one exemplary embodiment, the frequency controlled lighting system 
100 is incorporated in a shoe or other footwear. The controller 104 and motion 
switch 102 are contained, for example, in a hollow portion of the shoe sole and the 
lighting elements 106, 108, 110 are positioned along sides of the shoe for 
maximum visibility. 

[0021] Preferably the motion switch 102 is an inertia switch such as a spring 
motion switch, but any motion switch 102 known in the art can be used. Fig. 2a is 
an exemplary embodiment of a spring motion switch 200 suitable for use in the 
frequency controlled lighting system 100 of Fig. 1 . The spring motion switch 200 
is shown in cross section. As shown in Fig. 2a, in a preferred embodiment, the 
spring motion switch 200 includes a spring 214 and a contact 216. The spring 214 
is generally made of electrically conductive material such as metal wire wrapped 
in a cylindrical shape and is positioned within the spring motion switch 200 to 
have a fixed end 218 and a free end 220. The free end 220 of the spring 214 is 
positioned proximate the contact 216 so that the free end 220 of the spring 214 
electrically engages the contact 216 during movement of the motion switch 200. 
One suitable spring motion switch 200 including a spring 214 and a contact 216, 
with a free end 220 of the spring positioned proximate the contact 216 for 
electrical engagement during movement of the switch 200 is described in U.S. 
Patent Application No. 10/100,621, filed March 18, 2002 and commonly assigned 
to the owner of the present application, which application is hereby incorporated 
by reference. 

[0022] Preferably the spring 214 within the motion switch 200 moves between 
two general positions. In a first position illustrated in Fig. 2a, the free end 220 of 
the spring 214 is a sufficient distance from the contact 216 so that an electric 
current cannot pass between the spring 214 and the contact 216, creating an open 
circuit through the motion switch 200. The spring is normally in the first position 
when the motion switch 200 is stationary. 
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[0023] In a second position, the free end 220 of the spring 214 bends so that it 
electrically engages the contact 216, creating a closed circuit in the motion switch 
200 between the free end 220 of the spring 214 and the contact 216 so that, if an 
appropriate bias voltage is applied, an electric current can pass through the motion 
switch 200. The motion switch 200 is normally in the second position at different 
points during movement of the motion switch 200. 

[0024] The periodically closed circuit within the motion switch 200 due to the 
movement of the free end 220 of spring 214 between the first and second position 
creates an activation signal. As seen in Fig. 2b, the activation signal consists of at 
least one pulse 244 of voltage or current indicating that the motion switch 200 has 
been activated. Preferably, the length of the pulse 246 is directly related to the 
duration of electrical engagement between the free end 220 of the spring 214 and 
the contact 216. Additionally, the activation signal preferably represents the 
frequency of electrical engagement by the number of times the free end 220 of the 
spring 214 electrically engages the contact 216 in a period of time. For example, 
in Fig. 2b there are four pulses in 5 seconds. This represents the free end 220 of 
the spring 214 electrically engaging the contact 216 four times within 5 seconds. 
It is this activation signal that the motion switch 200 provides to the controller 104 
when the motion switch 200 is activated. The frequency of electrical engagement 
directly relates to the frequency of external motion of the user. Preferably, the 
frequency of electrical engagement is re-calibrated by the controller to determine 
an accurate motion frequency using a factor dependant on the type of motion 
switch used. For example, if a one-way motion switch is used, the controller uses 
a factor of one so that the frequency of electrical engagement is the frequency of 
external motion of the user. If a two-way motion switch is used, the controller 
uses a factor of two so that the frequency of electrical engagement is dived by two 
to determine an accurate frequency of external motion of the user. 
[0025] A one-way motion switch is a motion switch where the contact 2 1 6 is 
positioned such that electrical engagement with the free end 220 of the spring 214 
is only possible when the free end 220 of the spring 214 travels in one direction of 
movement. A two-way motion switch is a motion switch where the contact 216 is 
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positioned such that electrical engagement with the free end 220 of the spring 214 
is possible when the free end 220 of the spring 214 travels in either of two 
directions of movement. 

[0026] In additional embodiments, the motion switch 1 02 (Fig. 1) could also be 
a magnetic reed switch (not shown) or a metal ball motion switch (not shown). If 
a well-known magnetic reed switch is used, at least two magnetic contacts having 
a free end and a fixed end are positioned proximate an external magnet so that the 
free ends of the metal contacts electrically engage due to the magnetic flux of the 
external magnet during movement of the switch. Preferably, the external magnet 
is placed in a specially designed housing to hold the magnet. If the magnet is 
placed at the shoe to sense external motion, the housing should retain a space to 
allow the magnet to move along its axis. If the magnet is placed outside the 
shoe, the magnet should be fixed in the specially designed plastic housing so as to 
allow the user to move the magnet near the reed switch to generate a signal to 
actuate to integrated circuits. The magnetic reed switch generates a similar 
activation signal to that of the spring motion switch 102 illustrated in FIG. 2 where 
current does not flow through the magnetic reed switch when the switch is 
stationary, but during movement, due to periodic electrical engagement of the 
contacts, an activation signal is created having properties of duration of electrical 
engagement and frequency of electrical engagement for a period of time. It should 
also be noted that, as will be described below in greater detail in connection with 
Fig. 3, additional motion switches 342 can be added to the frequency controlled 
lighting system 300 so that the system 300 operates in response to movement of 
different parts of an object. 

[0027] Referring again to Fig. 1, the controller 104 in the illustrated 
embodiment includes a signal analysis system 122 and a pattern generator 124. In 
general, the signal analysis system 122 analyzes the activation signal which the 
controller 104 detects from the motion switch 102. In particular, the signal 
analysis system 122 preferably determines the duration of electrical engagement 
within the switch 102 from each pulse in the activation signal, and determines the 
frequency of electrical engagement of the switch for a given period of time. In 
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response to the duration of each electrical engagement and the frequency of 
electrical engagement, the signal analysis system 122 commands the pattern 
generator 124 to illuminate the lighting elements 106, 108, and 1 10 in one or more 
predetermined lighting patterns. 

[0028] In one embodiment, the signal analysis system 122 includes a trigger 
circuit 126, an oscillator 128, a time-base 130, a short contact circuit 132, a long 
contact circuit 134, and a fast frequency circuit 136. Initially, the trigger circuit 
126 receives the activation signal from the motion switch 102. In response, the 
trigger circuit 126 actuates the oscillator 128, the short contact circuit 130, the 
long contact circuit 132, the fast frequency circuit 134, and the pattern generator 
136. When activated, the oscillator 128 creates a frequency signal with a time 
period dependant on an oscillation resistor 138. The oscillator resistor 138 can be 
modified to any value to adjust the frequency signal. The oscillator 128 passes the 
frequency signal to the time-base 130, which creates a timing signal dependent on 
the time period of the frequency signal to control the timing of the short contact 
circuit 132, long contact circuit 134, fast frequency circuit 136, and pattern 
generator 124. 

[0029] At generally the same time that the time-base 1 30 signals the short 
contact circuit 132, long contact circuit 134, and fast frequency circuit 136, the 
trigger circuit 126 passes the activation signal to the short contact circuit 132, long 
contact circuit 134, and fast frequency circuit 136 for examination of the 
activation signal. Specifically, the short contact circuit 132 examines each pulse 
within the activation signal to determine whether the pulse length, and therefore 
the duration of electrical engagement within the motion switch 102, is less than or 
equal to a predetermined duration level. The predetermined duration level may be 
any length of time desired by the frequency controlled lighting system designer, 
but preferably, the duration level is set to be the same time period as the on-time 
of an LED during flashing. For example, in one embodiment, the predetermined 
duration level is set to 16ms. If the short contact circuit 132 determines that the 
pulse length is equal to or less than the predetermined duration level, the short 
contact circuit 132 produces a short contact signal. 
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[0030] The long contact circuit 1 34 examines each pulse within the activation 
signal to determine whether the duration of electrical engagement is greater than 
the predetermined duration level. If the long contact circuit 134 determines that 
the pulse length is greater than the predetermined duration level, the long contact 
circuit 1 34 produces a long contact signal. The predetermined duration of the long 
contact circuit 134 may be the same as or different from the predetermined 
duration of the short contact circuit 132. 

[0031] The fast frequency circuit 136 examines the number of pulses in the 
activation signal within a period of time. If the fast frequency circuit 136 
determines that the number of pulses in the activation signal for the period of time 
is above a predetermined frequency threshold, the fast frequency circuit produces 
a fast frequency signal. The fast frequency threshold can be any frequency limit 
desired by the frequency controlled lighting system designer, but preferably, the 
fast frequency threshold is between 5Hz and 3KHz. 

[0032] Preferably, the pattern generator 1 24 creates different types of lighting 
patterns in response to detecting the short contact signal, long contact signal, and 
fast frequency signal. The pattern generator 124 can be programmed or arranged 
to react differently to any of these signals, but preferably, the pattern generator 
124 is programmed to illuminate the lighting elements 106, 108, and 1 10 in one or 
more different predetermined lighting sequences each time the short contact circuit 
132 signals the pattern generator 124. Further, the pattern generator 124 is 
preferably programmed to interrupt the lighting sequence and illuminate one 
lighting element when signaled by the long contact circuit 134 or fast frequency 
circuit 136. Preferably, the pattern generator 124 continues to illuminate the 
single lighting element until the long contact signal or the fast frequency signal 
ceases. 

[0033] As seen in Fig. 3, in another embodiment the pattern generator 324 can 
be programmed to perform functions in addition to illuminating lighting elements 
306, 308, and 310 such as actuating a sound generating device 340. The sound 
generating device 340 can be any sound generating device known in the art such 
as a speaker generating a voice or music, a transducer, or a simple buzzer. 
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Preferably, a sound generating device 340 is actuated when the pattern generator 
324 receives a long contact signal or a fast frequency signal, and the sound 
generating device 340 continues to operate until the long contact signal or fast 
frequency signal ceases. Other components of Fig. 3 match the components of 
Fig. 1. 

[0034] An exemplary circuit illustrating one embodiment of a frequency 
controlled lighting system is shown in Fig 4. In this embodiment, the trigger 
circuit 126, oscillator 128, time-base 130, short contact circuit 132, long contact 
circuit 134, and fast frequency circuit 136 (Fig. 1) are implemented through 
resistors 406, 418, 434, 436, 442, and 446; capacitors 404, 416, 438, and 444; 
NAND gates 408, 424, 448, and 456; a diode 440; and a transistor 428. 
Additionally, the pattern generator 124 is implemented through an integrated 
circuit 464. 

[0035] The pattern generator 1 24 may be any number of integrated circuits 
suitable for controlling the flashing of the lighting elements 466, 468, and 470 in 
the system 400. One example of such an integrated circuit, manufactured with 
CMOS technology for one-time programmable, read-only memory, is Model No. 
EM78P153S, made by EMC Corp., Taipei, Taiwan. Other examples of integrated 
circuits include MC14017BCP and CD4107AF, made by many manufacturers; 
custom or application specific integrated circuits; CMOS circuits, such as a CMOS 
8560 circuit; or Ml 320 and Ml 389 RC integrated circuits made by MOSdesign 
Semiconductor Corp., Taipei, Taiwan. 

[0036] Generally, motion switch 402, resistor 406, and capacitor 404 connect 
to the inputs 410, 412 of NAND gate 408. Resistor 406 connects between the 
power source 474 and the inputs 410, 412 of NAND gate 408 while the motion 
switch 402 and capacitor 404 connect between the inputs 410, 412 of NAND gate 
408 and ground. The output 414 of NAND gate 408 connects to capacitor 416, 
which connects to the inputs 422, 424 of NAND gate 420. Resistor 418 also 
connects between the inputs 410, 412 of NAND gate 408 and ground. The 
output of NAND gate 420 connects to the base 426 of transistor 428, while the 
emitter 430 of transistor 428 connects to the power supply 474. The collector of 
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transistor 432 connects to ground via a resistor-capacitor combination consisting 
of resistor 434, resistor 436, and capacitor 438. The common node between 
resistor 434, resistor 436, and capacitor 438 additionally connects to input 452 of 
NAND gate 448. 

[0037] The collector of transistor 428 also connects to ground via diode 440, 
resistor 442, and capacitor 444. The common node between resistor 442 and 
capacitor 444 connects to input 450 of NAND gate 448. Resistor 446 connects 
between input 450 of NAND gate 446 and ground. Input 460 to NAND gate 456 
also connects to input 450 of NAND gate 448 while input 458 to NAND gate 456 
connects to the output of NAND gate 448. The outputs to NAND gates 448 and 
456 connect to the pattern generator 464, which additionally connects to the power 
supply 474 and the lighting elements 466, 468, and 470. 
[0038] Before operation of the frequency controlled lighting system 400, the 
inputs 410, 412 to NAND gate 408 are biased to a high voltage state. The high 
inputs at NAND gate 408 result in a low output at NAND gate 408, forcing the 
inputs of NAND gate 420 to a low voltage state. The low voltage of the inputs 
420, 424 to NAND gate 420 result in a high output at the base of transistor 428. 
Therefore, due to the fact there is not a sufficient voltage drop across the 
transistor, the transistor 428 does not conduct and no current passes through 
transistor 428. For this reason, capacitors 438 and 444 do not charge and over 
time fully dissipate any charge stored in the capacitors over resistor 436 or resistor 
446. Thus, input 460 of NAND gate 456 and the inputs of NAND gate 448 are 
low dictating the output of NAND gate 456 and NAND gate 448 to be at a high 
state before operation of the frequency controlled lighting system. 
[0039] During movement of the motion switch 402 in the preferred 
embodiment, the switch 402 produces a signal as a result of the free end 220 of the 
spring 214 electrically engaging the metal contact 216. The electrical engagement 
of the spring 214 and the contact 216 creates a closed circuit, allowing current to 
flow through the motion switch 402 and force the inputs of NAND gate 408 to 
change from high to low. The change in voltage state of the inputs to NAND gate 
408 results in the output of NAND gate 408, and therefore the inputs of NAND 
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gate 420, to change from low to high. The change in voltage state of the inputs to 
NAND gate 420 force the output of NAND gate 420 to low. 
[0040] Since the output of NAND gate 420 is connected to the base of 
transistor 428, as the base voltage of transistor 428 goes from high to low, 
transistor 428 begins conducting. As current flows through transistor 428, 
capacitor 438 begins charging through resistor 434 and discharging through 
resistor 436. Preferably, resistor 434 is larger than resistors 436 and 442 so that 
capacitor 438 does not charge to a high enough level to change the voltage state of 
input terminal 452 of NAND gate 448 from low to high during a short electrical 
engagement within the motion switch 402. 

[0041] As current flows through transistor 428, capacitor 444 also charges. 
Preferably, capacitor 444 charges to a high level, causing input terminal 450 to 
NAND gate 448 and input terminal 460 to NAND gate 456 to change from low to 
high. Therefore, due to the fact input terminal 452 to NAND gate 448 remains 
low and input terminal 450 to NAND gate 448 changes from low to high, the 
output of NAND gate 448 remains high. Further, since input terminal 460 to 
NAND gate 456 changes from low to high and input terminal 458 to NAND gate 
456 remains high, the output of NAND gate 456 changes from high to low. This 
change in output from NAND gate 456 signals the pattern generator 464 to actuate 
the lighting elements 466, 468, and 470 in a predetermined flashing pattern. The 
output of NAND gate 448 at a high voltage state while the output of NAND gate 
456 is at a low voltage state is the short contact signal. 

[0042] Preferably, the pattern generator 464 is programmed to illuminate the 
lighting elements 466, 468, and 470 in a different pattern each time it receives the 
short contact signal. For example, if the lighting elements 466, 468, and 470 are 
outputs 1, 2, and 3, the first time the pattern generator 464 receives the short 
contact signal it illuminates the lights in the sequence 1-2-3-1-2-3-1-2-3 where the 
number 1, 2, and 3 refer to LEDs 466, 468, and 470 respectively. The second time 
the pattern generator 464 receives the short contact signal it illuminates the lights 
in the sequence 2-3-1-2-3-1-2-3-1 . The third time the pattern generator 464 
receives the short contact signal it illuminates the lights in the sequence 3-1-2-3-1- 
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2-3-1-2. The pattern generator 464 continues illuminating the lighting elements 
466, 468, and 470 in different patterns each time it receives a short contact signal. 
[0043] During production of the predetermined flashing pattern, if the motion 
switch 402 closes for a long duration such as 16ms, or the motion switches closes 
a large number of times in a short time period, such as five times in one second, 
the inputs to NAND gate 408 change from high to low for a long period of time, 
resulting in the output of NAND gate 408 changing from low to high for a long 
period of time. Due to the change in output of NAND gate 408, the inputs to 
NAND gate 420 again change from low to high, causing the output to NAND gate 
420 to change to low. Since the base of transistor 428 is connected to the output 
of NAND gate 420, transistor 428 starts conducting. Transistor 428 conducts for a 
large period of time due to the long duration of electrical engagement within the 
motion switch or the high frequency of electrical engagement within the switch 
402. Therefore, capacitors 438 and 444, which charge when current flows through 
transistor 428, are able to store a relatively high charge and establish a relatively 
high voltage drop between ground and input 452 of NAND gate 448. The high 
charge of capacitor 438 forces input terminal 452 of NAND gate 148 to high. 
Additionally, the high charge of capacitor 444 forces input terminal 450 to NAND 
gate 448 and input terminal 460 to NAND gate 456 to high. 
[0044] The change in the voltage state of the input terminals to NAND gate 
448 drives the output of NAND gate 448 to low. Due to this change in the output 
of NAND gate 448, input terminal 458 to NAND gate 456 also changes from high 
to low, resulting in the output of NAND gate 456 changing to high. The change in 
outputs of NAND gates 448 and 456 signals the pattern generator 464 to freeze 
any current flashing pattern of the pattern generator 464. Preferably, the output of 
the pattern generator 464 is frozen until capacitors 438 and 444 discharge to a low 
enough level that NAND gates 448 and 456 return to their standby state of high. 
The output of NAND gate 448 being at a low voltage state while the output of 
NAND gate 456 is at a high voltage state is the long contact signal or the fast 
frequency signal. 
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[0045] In another embodiment, the circuit shown in Fig. 4 can be modified 
with a sound generating device 576 as shown in Fig 5. In this embodiment, the 
pattern generator 564 actuates the sound generating device 576 when the pattern 
generator 564 receives a long contact signal or a fast frequency signal. The 
sounds generating device 576 may include any suitable combination of circuitry to 
respond to actuating signals from the pattern generator 564 by producing sound. 
The sound generating device 576 may also include a speaker, transducer or other 
electromechanical device for producing sound. Preferably, the sound generating 
device continues to produce sound until the long contact signal or fast frequency 
signal ceases. 

[0046] Another embodiment of one aspect of the invention is a CMOS circuit 
602 shown in Fig. 6. The CMOS circuit 602 includes flip-flops, logic gates, 
capacitors, and transistors. In general, the CMOS circuit 602 includes three stages 
604, 606, and 608. The first stage 604 receives the activation signal generated by 
the motion switch 610. The second stage 606 analyzes the activation signal. 
Finally, the third stage 608 illuminates the LEDs 616, 618, and 620. In general, 
the first stage 604 is connected to the second stage 606 so that the activation signal 
passes to the long duration circuit 612 and the fast frequency circuit 614 of the 
second stage 606. The output of the long duration circuit 612 and the fast 
frequency circuit 614 are passed to NOR gate 622, which signals the third stage 
608 if a long duration signal or a fast frequency signal is created. If the third stage 
608 does not detect this indication from NOR gate 622 after the activation signal 
triggers the system 600, the third stage 608 creates a lighting pattern to illuminate 
the LEDs 616, 618, and 620. 

[0047] Preferably, the first stage 604 generally includes the motion switch 610, 
an RS flip-flop 642, at least one NOR gate 646, an RC oscillating circuit 648, and 
a series of flip-flops 650, 652, 654, 656, 658, 660, and 662. In general, the RS 
flip-flop 642 is connected to the motion switch 610 such that when there is 
movement in the motion switch 610, the output of the RS flip-flop 642 changes to 
high. The change in output of the RS flip-flop 642 causes NOR gate 646 to 
change voltage state, thereby causing the RC oscillating circuit 648 to begin 
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producing a periodic signal. The signal may have any frequency but preferably 
the signal has a frequency of 64 kHz. 

[0048] The periodic signal from RC oscillating circuit 648 passes to flip-flops 
650, 652, 654, 656, 658, 660, and 662. Preferably, flip-flops 650, 652, 654, 656, 
658, 660, and 662 are connected in series to count down the periodic signal 
produced by RC oscillating circuit 648. As the periodic signal is counted down 
the series of flip-flops, the signal passes to various parts of the CMOS circuit 602 
to act as a clock. 

[0049] The second stage 606 acts to analyze the activation signal from the 
motion switch 610 and generally includes a long duration circuit 612 and a fast 
frequency circuit 614. Preferably, the long duration circuit 612 includes at least 
three flip-flops 624, 626, and 628 connected in series and configured to track the 
duration of electrical engagement represented in the activation signal. Each output 
of flip-flops 624, 626, and 628 connect to a separate input of three-input NOR gate 
630. Therefore, when all three inputs to NOR gate 630 are low, indicating 
electrical engagement within the motion switch at consecutive periods of time, the 
output of NOR gate 630 changes to high. 

[0050] Since the output of NOR gate 630 connects to one of the inputs of NOR 
gate 622, the change in output of NOR gate 630 drives the output of NOR gate 
622 to low. This change in voltage state of the output of NOR gate 622 changes 
the output of flip-flop 632, which changes the output of NAND gate 634 to low. 
The output of NAND gate 634 changing to low signals the third stage 608 to 
freeze any flashing pattern. 

[0051] Preferably, the fast frequency circuit 614 generally includes at least 
three flip-flops 636, 638, and 640, which are configured to track the frequency of 
electrical engagement in the motion switch 610. In general, the at least three flip- 
flops 636, 638, and 640 are cleared whenever the frequency of electrical 
engagement is below a predetermined threshold. If flip-flops 636, 638, and 640 
are not cleared within a given number of clock cycles, flip-flop 640 outputs a high 
signal. Due to the fact that the output of flip-flop 640 connects to one of the inputs 
of NOR gate 622, the output of NOR gate 622 changes to low when the output of 
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flip-flop 640 is high. As discussed with respect to the long duration signal, when 
the output of NOR gate 622 changes to low, the output of flip-flop 632 changes to 
high and the output of NAND gate 634 changes to low, again signaling the third 
stage 608 to freeze any flashing pattern. 

[0052] The third stage 608 generally includes a number of circuits which 
control the flashing patterns of LEDs 616, 618, and 620. Preferably, the third 
stage 608 includes a single illumination control 664, a starting LED control 666, a 
sequential lighting control 668, a short duration flashing control 670, and a long 
duration or fast frequency flashing control. 

[0053] The single illumination control 664 operates to illuminate a single LED 
during illumination patterns. This governs the light on time and light off time of 
the LEDs. The single illumination control 664 generally includes at least three 
flip-flops, 674, 676, and 678, and a NOR gate 680. In general, flip-flops 674, 676, 
and 678 are configured to output a control signal cycling through "000", "100", 
"110", "01 1", and "001." The outputs of flip-flops 674, 676, and 678 each 
connect to a separate input of NOR gate 680 so that NOR gate 680 only generates 
a high signal when each flip-flop outputs a low signal. The output of NOR gate 
680 connects to the circuitry activating LEDs 616, 618, and 620 such that any 
LED can only be illuminated when the output of NOR gate 680 is high. 
Therefore, an LED can only illuminate every fifth clock cycle. 
[0054] The starting LED control 666 operates to illuminate a different LED at 
the beginning of a flashing pattern in response to an electrical engagement in the 
motion switch 610 which is less than the predetermine duration level. The starting 
LED control 666 generally includes at least two flip-flops, 692 and 694. Flip- 
flops 692 and 694 are configured to output a control signal cycling through "00", 
"10" and "01." Preferably, flip-flops 692 and 694 operate within the CMOS 
circuit 602 to cycle to a new control signal state each time a short electrical 
engagement within the motion switch 610 is detected. Therefore, the signal from 
the starting LED control 666 will never be the same for two consecutive short 
electrical engagements within the motion switch 610. 
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[0055] The outputs of the starting LED control 666 is coupled to the circuitry 
activating LEDs 616, 618, and 620 such that a different LED illuminates at the 
beginning of an illumination pattern depending on the state of the control signal 
from the starting LED control 666. Preferably, LED 616 illuminates first in an 
illumination pattern when the control signal from the starting LED control 666 is 
"00;" LED 618 illuminates first in an illumination pattern when the control signal 
from the starting LED control 666 is "10;" and LED 620 illuminates first in an 
illumination pattern when the control signal from the starting LED control 666 is 
"01." 

[0056] The sequential lighting control 668 operates to illuminate LEDs 616, 
618, and 620 in a sequential flashing pattern. In general, the sequential lighting 
control 668 includes at least two flip-flops, 682 and 684. Preferably, flip-flops 
682 and 684 are configured to output a control signal cycling through "00", "10" 
and "01." The sequential lighting control 668 preferably cooperates with the 
single illumination control 664 such that the control signal of the sequential 
lighting control 668 cycles to a new state near the same time the single 
illumination control 664 outputs a "000" signal. The sequential lighting control 
668 is coupled to the circuitry which illuminates LEDs 616, 618, and 620 so that 
the control signal from the sequential lighting control 668 illuminates the LEDs in 
a sequential pattern, starting with the LED indicated by the starting LED control 
666. 

[0057] The short duration flashing control 670 operates to stop the illumination 
pattern of LEDs 616, 618, and 620 in response to a short electrical engagement 
after a predetermined number of cycle states. Preferably, the short duration 
flashing control 670 generally includes at least three flip-flops 686, 688, and 690; 
a switch 691; and a series of logic gates 693. In general, flip-flops 686, 688, and 
690 and switch 691 are coupled to the series of logic gates 693 such that the short 
duration flashing control 670 produces a signal when the illumination pattern 
cycles through a predetermined number of cycle states. Preferably, the short 
duration flashing control 670 signals that the illumination pattern has cycled 
through the predetermined number of cycle states by changing from high to low. 



-17- 



[0058] Preferably, the number of cycle states that the illumination pattern 
cycles through before the short duration flashing control 670 produces a signal can 
be changed through the use of switch 691. In the embodiment shown in Fig. 6, 
switch 69 1 is configured to connect the logic gates 693 to a voltage source or 
ground depending on the state of switch 691. Connecting the logic gates 693 to a 
voltage source or ground affects the logic cycle of the short duration flashing 
control 670, thereby changing the number of cycle states the illumination pattern 
will cycle through before the series of logic gates 693 produces a low signal. For 
example, in the embodiment shown in Fig. 6, when switch 691 connects the logic 
gates 693 to ground, the illumination pattern cycles through seven voltage states 
before the short duration flashing control 670 produces a low signal, and when 
switch 691 connects the logic gates 693 to the voltage source, the illumination 
pattern cycles through three voltage states before the short duration flashing 
control 670 produces a low signal. 

[0059] The long duration or fast frequency flashing control operates by 
controlling the outputs of the single illumination control 664, sequential lighting 
control 668, and short duration flashing control 670 to freeze any flashing pattern 
and illuminate a single LED in response to a signal from the long duration circuit 
612 or the fast frequency circuit 614 of the second stage 606. As discussed above, 
when the long duration circuit 612 of the second stage 606 detects an electrical 
engagement which is longer than the predetermined duration level in the motion 
switch 610 or the fast frequency circuit 614 detects consecutive electrical 
engagements within the motion switch 610 for a given number of clock cycles, 
NAND gate 634 changes to low while flip-flops 696 and 698 remain at low. At 
this time, a clock signal does not pass to the single illumination control 664, 
forcing the single illumination control 664 to remain constant. Therefore, the 
sequential lighting control 668 and the short duration flashing control 670 do not 
cycle through their respective control signals due to their dependence on the single 
illumination control 672. As a result, LEDs 616, 618, and 620 do not flash and 
only the LED which is illuminated when the long duration circuit 612 or fast 
frequency circuit 614 signaled the third stage 608 continues to illuminate until the 
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electrical engagement within the motion switch 610 ends. When the electrical 
engagement within the motion switch 610 ends, the RC oscillator 642 stops and 
the illuminated LED extinguishes. 

[0060] The components of the frequency controlled lighting system 1 can be 
placed anywhere throughout footwear, but an embodiment having the preferred 
placement of the components of the system 1 is shown in Figure 7. Preferably, the 
power source 712, the controller 704, and the motion switch 702 are placed in the 
heel 705 of the footwear. The heel 705 provides a large area to encapsulate the 
power source 712 and the controller 704. Additionally, during movement such as 
running or walking, a user normally strikes the heel 705 against the ground with a 
sufficient force to activate the motion switch 702. The LEDs 706, 708, and 710 
are preferably placed on the outer surface 71 1 of the shoe or the sole 713 of the 
shoe. Further, the sound generating device 740 is preferably placed on the outer 
surface 71 1 of the shoe or the tongue 715 of the shoe. 
[0061] As seen in Figs. 7 - 1 1 , the frequency controlled lighting system in 
accordance with the present invention can be incorporated into many objects such 
as footwear (Fig. 7), a safety vest (Fig. 8), barrettes (Fig. 9), a headband (Fig. 10), 
or a bracelet (Fig. 11). In all of these objects, the frequency controlled lighting 
system provides a user greater visibility, thereby providing greater safety and 
aesthetic value for the user. The lighting system can be integrated into many other 
objects as well, and Figs. 7-11 are intended to be exemplary only. 
[0062] The embodiments described herein overcome issues of previous 
lighting systems concerning shorter-than-desired battery life due to unnecessary 
battery drain by allowing a user to deactivate a flashing pattern through external 
motions. Alleviating unnecessary power drain allows for a long-lasting product, 
allows for creation of smaller lighting systems, and allows for more complex 
lighting systems that will not drain a power source as quickly as previous less 
complex lighting system. 

[0063] Additionally, the embodiments described herein overcome limitations 
of previous lighting systems by providing a frequency controlled lighting system 
creating multiple lighting patterns in various objects in response to movement of 
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the lighting system. Multiple lighting patterns provides greater visibility for the 
user to increase safety. Additionally, multiple illumination patterns creates a more 
interesting lighting patterns to increase the aesthetic value of the object. 
[0064] All the circuits described and many other circuits may be used in 
achieving the result of a frequency controlled lighting system that illuminates 
different lighting patterns in response to movement of a motion switch. 
Additionally, many of the elements of the frequency controlled lighting system 
may be implemented through a number of objects. For instance, while LEDs are 
clearly preferred, other types of lamps may also be used, such as incandescent 
lamps or other lamps. It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limiting, and that it be 
understood that it is the following claims, including all equivalents, that are 
intended to define the spirit and scope of this invention. Any of these 
improvements may be used in combination with other features, whether or not 
explicitly described as such. Other embodiments are possible within the scope of 
this invention and will be apparent to those of ordinary skill in the art. Therefore, 
the invention is not limited to the specific dates, representative embodiments, and 
illustrated examples in this description. 



